In 2 previous reports the photocontrol of hook opening and twining of dodder seedlings was attributed to action of phytochrome (8, 18 ). An additional photoreaction has since been found to affect control over these responses. This paper furnishes a description of both controlling photoreactions, and the relationship between them.
Dodder seedlings respond to a single cycle of exposures to light. When the seedlings are grown in darkness, they form a hook much like the hypocotyl hook of a bean plant. A single saturating red irradiance causes the hook to open but the rate of opening is greatly accelerated under continuous white light. Twining depends on a prolonged exposure to blue or far-red radiant energy. Its display is favored by a final brief irradiance with far-red. The seedlings undergo circumnutational movements without a terminal exposure to far-red, but they do not incline sharply and twine.
Materials and Methods
All of the experiments were carried out with seedlings of Cuscuta indecora Chois. Fresh mature seeds were used. They were scarified for 1 hour with concentrated sulfuric acid. A measured number of seeds was planted in glass bowls (10 cm in diameter and 3.8 cm deep) on 2 layers of moist Whatman No. 3 filter paper. Five ml of water was added per bowl. After planting, each bowl was covered with the top of a petri dish. The seedlings were grown in darkness for 72 hours before the light treatments were given. All steps were carried out at 25°. Pre exposed to fluorescent illumination. Seedlings that were illuminated with fluorescent light twined during a subsequent dark period provided that the level and duration of illumination were sufficient, and that they were exposed to far-red after the main light period. The final treatment with far-red was reversible by red. Further, without application of a terminal farred exposure, no twining was evident after a 48-hour dark period. Neither did twining occur under continuous illumination. Experiments were performed in which seedlings were illuminated with an intensity of 3000 ft-c for 48 hours but no twining occurred. Twining did not occur in dark after such treatments ing illumination with incandescent light. It began after a period of time inversely related to the level of illumination, ranging from about 20 hours of continous illumination at an intensity of 500 ft-c to 10.5 hours at 400 ft-c. The number of coils produced increased as the length of the exposure increased until it was difficult to count them (fig 3) .
FIG. 3. The extent of twining displayed by seedlings
after they were exposed to incandescent light at an intensity of 1600 ft-c for 20 hours.
Continuous light -was necessary for continued twining. Otherwise, twining stopped when the seedlings were placed in dark. Partial uncoiling occurred when seedlings were transferred to dark shortly after a few coils were evident. If the seedlings were left under the light, or exposed to far-red before being placed in dark, a large number of coils developed during the next few hours. The phenomenon is illustrated in figure 4 .
Influence of Wavelength on Potentiation of Twining. In preliminary experiments, in which dark grown seedlings were exposed to monochromatic light, the effect of light quality on hook opening seemed to be confounded with its effect on twining. Experiments were done to establish a procedure for giving a preinduction treatment that would open the hooks and supply part of the energy required for twining.
The following schedule of manipulations was adopted: step 1, 72-hour-old seedlings were illuminated 4 hours with fluorescent light (1500 ft-c); step 2, they were returned to darkness for 16 hours; step 3, the seedlings were then irradiated with monochromatic light usually for 4 and one-half to 5 hours; step 4, each lot received 5 minutes of far-red; step 5, the seedlings were returned to darkness and examined 16 hours later. Seedlings treated according to the above schedule had open hooks at the end of step 2. Each step played FIG. 4 . The effect of different conditions on the continuation of twining after it had started during illumination of seedlings with incandescent light. All lots were illuminated with 1800 ft-c. After 12 hours about 15 coils were completed in each lot. The lot on the left was placed in darkness; the center lot was exposed to far-red and placed in darkness; while the one on the right wAas left under the light. The photograph was taken 6 hours after the seedlings were transferred to the different conditions.
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a decisive role in the eventual twining response. Twining did not occur if the seedlings were left in darkness during step 3. Of 60 dark controls, 53 lots had no coils per 100 seedlings, while 7 lots had 1 to 5 coils. Application of far-red after step 1 prevented hook opening and nullified the effect of any light given in step 3, whereas failure to give far-red in step 4 resulted in no twining (except under prolonged blue or far-red as described below).
The effect of wavelength was tested using equal periods of irradiation with approximately equal energies (table I) at all wavelengths. In separate experiments to determine the wavelength of peak effectiveness, the length of irradiation was reduced to obtain precision. The relative effectiveness of wavelength, corrected for quanta, was determined ( fig 5) . In all experiments, blue light was most effective in potentiating twining with the peak of action around 460 mki.
The effect of energy level at 460 miz on twining is shown in figure 6 . Twining was also affected by farred with the peak at 730 md, but far-red was less effective than blue. The response to far-red was consistent when interference filters were used, but twining was potentiated in the far-red region of the spectrum in only 2 of 4 experiments on the spectrograph. were added were performed with the spectrograph, but the results did not indicate the cause of the variation.
Twining took place during irradiation with blue or far-red as it did under incandescent illumination. An appreciable number of completed coils were present after either 6 hours of blue or 8 hours of far-red at an intensity of 128 ,uw cm-2.
Wavelength Dependence of the Terminal Far-Red Exposure. An additional experiment was carried out to determine the effect of wavelength in the terminal far-red exposure required for the display of twining after the seedlings were exposed to fluorescent light. Seedlings that were illuminated for approximately 14 hours with fluorescent light (1500 ft-c) received 6 minutes of irradiation at 1 of the wavelength stations designated in figure 7 . The response curve (fig 7) shows that wavelengths between 720 and 740 m/u were most effective for the terminal far-red exposure.
Effect of Proportion of Phytochrome as Pfr On Twining. In the experiments described in this section, lots of seedlings received, after a 12-, 16-, or 20-hour exposure to white fluorescent light, a 5-minute exposure to light from 1 of a selection of lamps which emit increasing amounts of far-red relative to red energy. The purpose of the brief exposure was to obtain a graded series in the poising of phytochrome (varying from a red-irradiated condition to a far-red irradiated condition) after the high-energy exposure. The seedlings were placed in darkness for 
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effectiveness of far-red absorbing form (Pfr) was determined photometrically (1) on samples of dark-grown corn mesocotyl tissue that were exposed to 5 minutes of light from each of the lamps used. Figure 8 shows the twining results of 3 experiments, the number of coils being plotted against the photometer values for the percentage of phytochrome, Pfr. They show a linear negative response to Pfr concentration, that is, twining increased as the concentration of Pfr decreased. In the control lots, no twining resulted from brief applications of light that set the Pfr level above 40 %, but some twining was evident when the exposure to far-red was made on those lots in which the setting was 46191o or below. However, far-red greatly increased the number of coils over that present in lots which did not receive far-red.
Effect of DCMU on Twining. In a series of experiments, dodder seedlings were treated with a 5 X 10-5 M concentration of the photosynthetic inhibitor 3(3,4-dichlorophenyl-1, 1-dimethyl urea (DCMU) ) (4).
In 1 experiment, under 2000 ft-c of incandescent illumination, both DCMU-treated and untreated seedlings began to twine after 12 hours of illumination. The experiment was terminated after 16 hours when each lot contained equal numbers (40) 
Discussion
Sequence of Photoreactions. Two separate photoreactions were identified with the processes leading to hook opening and twining. The promotive-effect of red light on hook opening and the inhibitory effect of red on twining were typical phytochrome reactions in that each required low irradiances and were reversible. Perhaps atypical of phytochrome response in general is the fact that no evidence for dark conversion of the far-red absorbing form (Pfr) to the red-absorbing form (Pr) was found in any of the results. The other photoreaction was characterized by its blue/far-red absorption, the lack of reversibility, and the requirement for long periods of irradiation. This photoreaction is called the high-energy reaction (HER) of photomorphogenesis (14) .
The evidence that both photoreactions contribute to hook opening is not as clear cut as that for their participation in twining. Opening of the hooks required Pfr, and the processes involved carried to completion after a brief red ir.radiance that presumably had no effect but that of converting Pr to Pfr. The marked increase in rate of opening under continuous white light and the lack of evidence of dark conversion 
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together support the suggestion that both photoreactions act synergistically with respect to hook opening.
Twining is obviously dependent on the HER and inhibited by Pfr, Mohr (10, 11, 12, 13) 4) . Nature of High-Energy Reaction. The blue/farred action spectrum for potentiation of twining ( fig  5) is similar to a number of action spectra for other responses of other seedlings (10, 11, 12, 13) . A major difference lies in the greater effect of blue compared to far-red. A current problem in photobiology concerns the identity of the blue/far-red photoreceptor. Four suggestions concerning the photoreaction itself and its photoreceptor are listed in chronological order: A) The HER involves a separate, still unknown photoreceptor (10, 16) . B) The HER is an atypical phytochrome reaction in which both forms absorb simultaneously (6) . C) The effects of blue and far-red are not caused by the same photoreceptor (5). D) The HER is some aspect of photosynthesis (7) .
The results of experiments with dodder seedlings are not in agreement with some of these suggestions.
Mohr (14) has maintained that a separate pigment system which absorbs both in the blue and far-red spectral regions mediates the HER. However, it appears unlikely that the blue and far-red actions in twining are due to the same photoreceptor. The response to blue is clearly dependent on energy level, while the response to far-red is less clearly dependent on energy and varies greatly relative to the response in blue.
The theory of simultaneous excitation of the 9 forms of phytochrome (6) cannot be excluded as a possible cause for responses to high far-red irradiances. The action maxima for both the low and high far-red irradiances affecting dodder are near 730 mg (fig 5, 7) . The effect of the high far-red irradiance in twining may be concerned with maintaining a very low level of Pfr, although it seems that there is another effect of light involved also.
The suggestion that the HER is some aspect of photosynthesis cannot be supported because of the negative results obtained from applications of DCMU to dodder seedlings. The compound is an effective herbicide and its application has readily inhibited anthocyanin synthesis in apple skins (2), and the photocontrol of stomate movements (9) . Both of these processes show blue/red action maxima typical of photosynthesis.
Summary
Dodder seedlings were used to study the photoreactions causing hook opening and twining. Both responses are affected by 2 photoreactions. One follows classical phytochrome concepts, the other requires high amounts of blue or far-red radiant energy. Hook opening is induced by red light, but the rate of opening increases with action of a high energy reaction. The high energy reaction builds up a potential for twining, but the response is inhibited by phytochrome-Pfr. Under incandescent or blue light, however, the high energy reaction overcomes the phytochrome control.
Treatment of seedlings with DCAMU prior to the high-intensity exposure did not affect twining.
The sequence between the 2 photoreactions, and the nature of the high energy reaction are discussed.
